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INTERNAL COMBUSTION CATAPULT 

This application claims the bene?t of US. Provisional 
Application Ser. No. 60/029,547, ?led Nov. 8, 1996, and 
US. Provisional Application Ser. No. 60/029,548, ?led Nov. 
8, 1996. 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for launch 
ing at high velocity an airborne device particularly an 
aircraft, though any other device could be so propelled. 

Aircraft launchers on today’s aircraft carriers generally 
propel the aircraft to be launched using steam that is 
generated by the same system that provides steam for 
propulsion of the vessel. Such use of the steam available on 
seaborne vessels produces a signi?cant Weight increase. In 
the ?rst place, the steam generating machinery must be 
larger. Secondly, the piping, valves, accumulators and other 
machinery needed to store steam at high pressure in readi 
ness for application to a catapult launch add Weight. Also the 
conventional steam catapult requires the apparatus for steam 
launching to be positioned relatively high on the ship. This 
reduces in a large measure the desirable upper level space 
required for other purposes. Also the added Weight produces 
a higher center of gravity. Neither of these is a desirable 
feature in any vessel. 

Another draWback of the steam catapult is that it forces, 
from an overall life-cycle cost standpoint, the use of steam 
for propulsion rather than such alternatives as gas turbines 
and diesel engines. Still another draWback is that existing 
steam catapults are open loop systems: Once the steam 
launching valve is opened, no further control of the system 
is provided. 

Accordingly, it is desired to provide an internal combus 
tion catapult launcher that is independent of the propulsion 
plant in that there is no requirement for propulsion steam. 
Further, it is desired that the launcher have a very accurate 
end speed control and an acceleration pro?le that reduces 
stress on the launcher and aircraft. The internal combustion 
catapult should be a closed-loop control system in contrast 
to the conventional steam catapult that is open-loop control. 
Ideally the system is easily retro?tted to existing steam 
catapult launchers. It is also desirable that the launch system 
sense transient conditions such as loss of poWer from the 
launching aircraft due to engine failure and compensate by 
increasing launch force to assure the desired launch end 
speed. These and many other requirements cannot be met 
With a conventional steam launching system utiliZing the 
steam from the ship’s propulsion system. 

SUMMARY OF THE INVENTION 

The present invention is an internal combustion airplane 
catapult launcher using much of the conventional steam 
system in that an existing elongated launch tube is utiliZed 
With an existing movable piston. HoWever, the steam gen 
eration system noW is replaced and a plurality of combustors 
is positioned at the aft end of the launch tube facing the 
trailing end of the piston. Each of these combustors includes 
an injector assembly for supplying a combustible propellant. 
At least one igniter is operatively positioned With respect to 
the combustor to ignite the combustible propellant to form 
hot launch gases at high pressure to project the piston doWn 
the launch tube to launch the aircraft. It is also part of the 
invention to provide a Water manifold to inject Water into the 
combustion gases to cool them and form steam to assist in 
propelling the piston doWn the launch tube. The propellant 
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2 
may be a propellant composed of, for example, hydroxy 
lammonium nitrate and a hydrocarbon fuel. More preferably 
the propellant is a bipropellant system using as one com 
ponent a combustible fuel composed of organic substances 
and as the second component an oxidiZer such as ammonium 
nitrate, hydroxylammonium nitrate, hydraZine, nitrogen 
tetroxide and liquid oxygen. 

THE DRAWTHE 

FIG. 1 is a perspective vieW of the internal combustion 
airplane catapult launcher of the present invention illustrat 
ing the dual launch tubes to each of Which is attached the 
conventional thrust exhaust section and thereafter the inter 
nal combustion manifold With a plurality of combustors at 
the aft end. 

FIG. 2 is a cross-sectional vieW partly broken aWay of the 
launch tube, the Water manifold and the combustors pro 
ducing the launch gases and steam. 

FIG. 3 is a perspective vieW partly in cross section of one 
of the injector assemblies including a plurality of igniters 
and supply conduits of the combustible propellant. 

FIG. 4 is an end vieW taken along lines 4—4 of FIG. 2. 
FIG. 5 is a schematic vieW of the feed system for the fuel, 

oxidiZer and Water shoWing the position of the pistons 
during the intake of propellant or Water from the supply into 
the accumulator. 

FIG. 5A is a schematic vieW partially cut aWay of the feed 
system of FIG. 5 shoWing the movement of the pistons and 
the How of the propellant or Water during the feed stroke. 

FIG. 6 is a vieW similar to that of FIG. 5A shoWing an 
alternate embodiment of the piston feed system. 

FIG. 7 is a schematic draWing of the control system of the 
present invention. 

FIG. 8 is a perspective vieW of the prior art steam catapult. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. 1, 2 and 8 shoW the present invention as embodied 
in an internal combustion airplane catapult 10. In general, 
the catapult of the present invention includes the conven 
tional aircraft carrier ?ight deck 12 through Which a con 
ventional shuttle 11, as best shoWn in FIG. 8 depicting the 
prior art, is operated by being connected to the piston 16 
(FIG. 2) in each launch or cylinder tube 18, 18. Hereinafter 
only one launch tube 18 and launch piston 16 Will be 
described. 
As is Well knoWn in the art, the aircraft is connected to the 

shuttle 11 by means, not shoWn, for catapulting doWn the 
deck 12. As shoWn in the prior art FIG. 8, there is a Water 
brake 20 of conventional design that is not shoWn in the 
present invention’s depiction in FIG. 1. Water brake 20 
Would be disposed at the end of launch tube 18. The purpose 
of the Water brake 20 is to sloW and stop the piston 16 at the 
end of the catapult after the aircraft has been launched. The 
prior art conventional steam catapult also includes a steam 
launching valve 22 positioned at the thrustexhaust manifold 
28 as part of and at the aft end of the launch tube 18, and 
steam exhaust piping 36 attached to thrust-exhaust manifold 
28. 

In the present invention the steam input system including 
launching valve 22 is removed. In place thereof launch gas 
plenum 26 is attached to thrust-exhaust manifold 28 at joint 
27 both forming the aft portion of launch tube 18. For 
clari?cation everything forWard of joint 27 is existing steam 
catapult structure; everything aft is the internal combustion 
catapult 10. 
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Combustor manifold 24 is attached to launch gas plenum 
26 at joint 29. Combustor manifold 24 consists of ?ange 32, 
cylinders 25, Which could be of any number, four is the 
preferred embodiment, and ?ange 31. Combustor manifold 
24 is attached to launch gas plenum 26 as by bolting ?ange 
32 of combustor manifold 24 to ?ange 34 of launch gas 
plenum 26. Cylindrically shaped combustors 30 are attached 
to the combustor manifold 24 as by bolting ?ange 33 to 
?ange 31. Each combustor 30 is open into the launch gas 
plenum through combustor manifold 24. 

Exhaust outlet 36, as shoWn in FIG. 1, is the same as that 
disclosed at 36 in the prior art and serves the same purpose: 
to exhaust the launch tube of the gases upon retraction of the 
piston 16 to its launch ready position shoWn in FIG. 2. 
As shoWn in FIGS. 1 and 2, a Water manifold 38 is secured 

to and around launch gas plenum 26 of launch tube 18 to 
supply a Water spray into the launch gases as Will be 
subsequently described. Suitable supply pipe 40 provides 
Water to the manifold 38 from a Water feed system described 
hereinafter. 

Each combustor 30 has positioned around its aft end a 
plurality of at least tWo and perhaps as many as eight injector 
assemblies 42. The injector assembly is best shoWn in FIGS. 
2, 3 and 4 Wherein the injector assembly is provided With a 
cylindrical body 44 having a protruding cylindrical neck 46 
for insertion through the Wall 48 of the combustors 30. The 
cylindrical body 44 of the injector assembly 42 has an 
internal space 50 as shoWn in FIG. 3 for receiving the 
combustible propellant preferably through separate conduits 
and ?ttings or injectors 60, also forming part of the injector 
assembly 42. Each conduit and ?tting or injector 60 may 
carry a separate component of the propellant if the propel 
lant is a preferred bipropellant. Alternatively both ?ttings 
may supply a monopropellant. 

In the end 56 and as part of each injector assembly 42 is 
an igniter 52. Igniters 52 form an ignition system that 
functions to achieve a reliable, rapid and smooth ignition 
upon excitation. It is possible that an igniter could be of a hot 
catalyst type Well knoWn in the art, a Well-knoWn pilot type 
igniting ?ame, or an electrical ignition system that Would be 
conventional or even a combination of these tWo. Aplurality 
of the igniters could be used and While only one is shoWn per 
injector assembly 42 it is possible that additional igniters 
could be utiliZed. It is also possible to use a conventional 
electrical plasma discharge system knoWn as the “Railplug” 
that is particularly useful for liquid-fueled engines such as 
gasoline or diesel engines, and Will ignite extremely lean 
fuel-to-air-ratio mixtures. Also a pieZoelectric ignition sys 
tem is possible using a pair of electrodes. It is important to 
note that the igniters 52 can be of any conventional design 
or future-developed designs that Will ignite the fuel and 
oxidiZer mixture. 

The selection of the propellant is important in the present 
invention although there may be a number of different 
propellants utiliZed. For instance it is possible to choose a 
monopropellant composed of a mixture of hydroxylammo 
nium nitrate as an oxidiZer and a hydrocarbon fuel that could 
be any of the typical fuels Well knoWn such as the JP-5 grade 
of kerosene or other possible grades of kerosene or for that 
matter any other liquid organic substance such as gasoline, 
diesel oil, or vegetable oil such as peanut oil or the like. 
While hydroxylammonium nitrate is a preferred constituent 
of the propellant, other typical oxidiZers that could be used 
are ammonium nitrate, hydraZine, nitrogen tetroxide, liquid 
oxygen and the like. 

The monopropellant of mixed fuel and oxidiZer is simpler 
and easier to use because there is not required to be a dual 
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4 
storage fuel system. HoWever, storing a monopropellant 
such as a hydroxylammonium nitrate/JP-5 mixture consti 
tutes an explosive prospect. Therefore, it is believed to be a 
more suitable system When fuel and oxidiZer are separated 
into a bipropellant system in Which separate ?ttings or 
injectors 60 as shoWn Will conduct a continued separation of 
the combustible fuel and the oxidiZer until they enter the 
interior space 50 for ignition by the igniter 52. The propor 
tions of the oxidiZer and the combustible fuel are conven 
tional and are not critical to the present invention generally. 
HoWever, the hydroxylammonium nitrate oxidiZer repre 
sents from 75 %—97% and preferably 85 %—95 % by Weight of 
the propellant composition While the fuel such as the JP-5 
represents the remainder of 3%—25% or preferably 5%—15% 
by Weight of the mixture. More particularly, the oxidiZer 
When present as hydroxylammonium nitrate is about 
91%—93% by Weight of the composition With 7%—9% by 
Weight being hydrocarbon fuel in order to provide a sto 
ichiometric reaction betWeen the oxidiZer and the fuel. 
As best shoWn in FIGS. 1 and 2, a Water manifold 38 is 

provided to spray Water from a Water feed system, to be 
described, through a plurality of spray noZZles 62 into the 
launch gas plenum 26 of the launch tube 18. In particular, the 
Water manifold 38 is located at a point just forWard of the 
combustors 30 so that the hot launch gases F Will be in direct 
contact With the Water spray to cool the gases someWhat and 
to produce a combination of combustion gases and steam as 
shoWn at G. The mixture of gases and steam G is under great 
pressure so as to move piston 16 doWn the launch tube. 

In the use of this invention as a catapult for loads, the load 
Would be substituted for piston 16. The forWard end of 
launch cylinder 18 Would be open, of course, so the Water 
brake 20 Would be omitted. There Would be no need for the 
shuttle 11 nor ?ight deck 12. No slot in the top of launch 
cylinder 18 Would be necessary. 

In its embodiment as an airplane catapult, the most 
ef?cient launch pro?le is one of constant acceleration for the 
aircraft as this minimiZes stresses on both the aircraft and its 
creW. For a gas-driven energy source as in the present 
invention, requirements for constant acceleration translate 
into the need for a progressively increasing gas ?oW during 
the stroke of the piston to maintain constant pressure on the 
face of the accelerating piston. In the present invention, the 
launch tubes may be preheated, if desired, to minimiZe 
thermal losses and avoid steam condensation on the Walls of 
the launch cylinders or tubes 18. The velocity of the piston 
16 at the end of its stroke is signi?cantly beloW the speed of 
sound thus the gas pressures Will be substantially the same 
throughout the launch tube. Any drop in pressure from one 
end of the launch tube to the other due to gas velocity Will 
be very small. Thus the demand for the progressive increase 
in gas ?oW during the launch cycle is driven primarily by the 
accelerating volume expansion through the launch tube 18 
during the launch. The combustors then must increase the 
gas ?oW rate into the launch tube as the piston moves doWn 
the tube. 
The energy requirement for any launch scenario translates 

into a progressive increase in output from the combustors. 
The gas generator system Will be siZed so that the total 
increase for, as example, a 70 million foot-pound launch can 
be achieved by using as little as 58% of the capacity of each 
of the combustors 30 With the remaining 42% of the capacity 
of the combustors held in reserve. Each combustor thus 
Would have the capability for a total variation in mass ?oW 
of approximately 5:1 that is achieved by throttling the rate 
of propellant induction into the combustion chamber in 
accordance With the propellant feed system that Will be 
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described hereinafter. All of the combustors 30 are brought 
in on line in parallel or sequentially as required. Output is 
suggested under closed loop control of the feed system to 
assure that the launch parameters for the aircraft and asso 
ciated Wind over the deck are met. Generating launch energy 
of 70 million foot-pounds Will require the combustion of 
approximately 34 gallons of the combustible propellant. 
Each of the eight combustors in the system shoWn in FIGS. 
1 and 2 Will be siZed to be capable of providing approxi 
mately 15 million foot-pounds of launch energy. Thus the 
eight combustors operating at 58% of capacity provide full 
poWer for a maximum launch. An appropriate quantity of 
Water proportional to the propellant is approximately in the 
ratio of 2:1 by Weight and is added in the form of the spray 
through the manifold 38 as previously described. This added 
Water turns into steam to increase the mass How of com 
bustion products and steam and also to ensure that the 
combustion products entering the launch tube are not hotter 
than about 600° F. 

To supply the necessary propellant through conduits and 
?ttings or injectors 60, or to supply only a single monopro 
pellant as previously disclosed, and to supply the Water to 
the manifold 38, a feed system for each is necessary. FIG. 5 
discloses in schematic form a pump feed system depicted 
generally at 64. It is to be understood that Water and either 
or both the fuel and oxidiZer Whether in the form of a 
monopropellant or separately provided Would use the feed 
system 64 as shoWn. The purpose of feed system 64 is to 
provide sufficient ?oW rates to the combustors 30 and Water 
manifold 38 so that they operate reliably and ef?ciently. 

The prior art steam system relies upon energy as steam 
stored in a steam accumulator. When the steam accumulator 
is fully charged, suf?cient energy for the launch is on hand 
and is available simply by opening launching valve 22 to 
admit the stored steam to the launch cylinder. HoWever the 
present invention provides an energy source that is the equal 
of the steam supply system in cycle time, in delivered 
energy, and in reliability, and is superior in many respects, 
as already noted. 

This is accomplished by the feed system 64 and the 
components noW described. As shoWn in FIG. 5, hydraulic 
pump 67 is driven by an electric motor not shoWn. Prefer 
ably for present purposes the pump Will typically have a 
rating of about 250 gallons per minute at 3,000 psi and the 
electric motor can have a rating of approximately 300 hp. 
The system 64 includes an accumulator 66, Which is a 
cylinder that may be as large as 20 inches in diameter and 
has a piston 68 that may have a stroke of as much as 3 feet. 
BeloW the accumulator 66 is an identical hydraulic driving 
cylinder 70 With a piston 72. As shoWn, the piston rod 74 of 
the accumulator 66 is aligned to engage the corresponding 
piston rod 76 of the hydraulic driving cylinder piston 72 by 
means of coupling 78 thus forming a simplex pump. The 
coupling 78 may be attached to one or both of the piston rods 
74 or 76. If both the piston rods 74 and 76 are secured by the 
coupling 78, the accumulator 66 is charged by applying 
hydraulic pressure through the driving cylinder 70 through 
line 80 controlled by valve 82. This introduces the hydraulic 
?uid on the side of the piston 72 opposite from the piston rod 
76. Piston 72 through piston rod 76, coupling 78 and piston 
rod 74 forces the piston 68 in the accumulator toWards the 
end of the accumulator. This movement of the piston 68 of 
the accumulator 66 forces the air above the piston 68 in the 
accumulator out of the cylinder through launch valve 96 and 
line 100 into a high pressure air ?ask or reservoir 84 to 
charge or recharge the reservoir 84, Which is typically 60 
cubic feet in capacity to an air pressure of about 3,000 psi. 
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6 
As the driving cylinder 70 drives the piston 68 in the 

accumulator 66 toWards the top of the cylinder, propellant, 
either mono-or bi, or Water is draWn from a supply tank 86 
through feed valve 88 into the accumulator cylinder 66 
beloW the accumulator piston 68 ?lling the accumulator 
volume beloW the accumulator cylinder piston 68 With 
propellant, for instance, as it is driven to the top of the 
accumulator. The feed valve 88 to the accumulator is then 
closed providing a hydraulic lock and maintaining the ?lled 
accumulator in a charged or ready-to-launch position. Throt 
tling valve 90 is closed at this time. 

Hydraulic ?uid is drained from the driving cylinder 70 by 
introduction of high pressure purge air from air supply line 
92 through purge valve 94. The hydraulic ?uid is returned to 
the hydraulic pump reservoir through valve 82 and supply 
line 80. This is done to remove any source of ?uid resistance 
to movement of the driving piston 72 and accumulator 
piston 68. During such movement, the space beloW the 
hydraulic driving cylinder piston 72 is vented through line 
80 to a vent to atmosphere (not shoWn). 
When a launch is initiated, feed valve 88 is closed. 

Launch valves 96 and 98 are opened. Opening of throttling 
control valve 90 is initiated. The high pressure air in the air 
?ask or reservoir 84 through line 100 and valve 96 drives 
accumulator piston 68 doWn. This drives piston 72 together 
With the coupled piston rods 74 and 76 to the opposite ends 
of their travel. This drives the propellant or Water out of the 
accumulator cylinder 66 through feed line 102 and throttling 
valve 90 into the combustors 30 through conduit and ?ttings 
or injectors 60 or, if Water, to the manifold 38 through line 
40. By varying the port siZe of throttling valve 90, the rate 
of How of the propellant in the form of fuel and oxidiZer into 
the; combustors 30 and the rate of How of Water into the 
Water manifold 38 are controlled and the mass ?oW output 
of the combustors is varied. FIG. 5A shoWs the pistons near 
the end of the feed stroke. 
An alternative mode of operation is disclosed in FIG. 6 for 

feeding the propellant (fuel and oxidiZer)/Water. As previ 
ously stated regarding the embodiment of FIG. 5, coupling 
78 may be disconnected or not ?xed to piston rod 76. In such 
instance piston rod 76 may enter coupling 78 but not be 
engaged by the coupling. The operation of the feed system 
is then as depicted in FIG. 6. The initial operation Wherein 
the driving cylinder 70 causes the accumulator piston 68 to 
be driven to the top of the accumulator cylinder 66 so that 
the accumulator is ?lled With fuel or oxidiZer or Water is the 
same operation as previously described. HoWever, rather 
than emptying the hydraulic ?uid from the driving cylinder 
70 coupling 78 is deactivated. Piston 72 With rod 76 of 
driving cylinder 70 is then retracted from the coupling 78 
and driven to the far end of its travel by hydraulic pressure 
through valve 98 and line 107. Hydraulic ?uid from the 
bottom of cylinder 70 returns through line 80 and valve 82 
to pump 66. Hydraulic ?uid in top of cylinder 70 is then 
returned to pump 66 by purge air through valve 94 and line 
92. NoW When the accumulator piston 68 is driven doWn 
Wardly during launch, its piston rod 74 meets no resistance 
from the driving cylinder 70. The How of the propellant or 
oxidiZer or Water out of the accumulator 66 through the 
throttling valve 90 is the same as described previously. This 
may be the preferred mode of operation because it elimi 
nates any resistance, hoWever small, to movement of accu 
mulator piston 68. 
Makeup air is supplied to the system through line 104 and 

through valve 106 from air supply 108 as best shoWn in FIG. 
5. The purpose of the makeup air is to account for any small 
amount of air that may be lost during operation of the 
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system. The same source supplies purge air through line 92 
and valve 94 to purge hydraulic ?uid from driving cylinder 
70 as previously described. 

This system as described in FIGS. 5, 5A and 6 as stated 
applies to the fuel as Well as to the oxidizer. HoWever it is 
also desirable to use a third distinct feed system that is 
substantially identical to that disclosed in FIGS. 5, 5A and 
6 to supply the Water to the Water manifold 38 for conversion 
to steam as previously described. 

FIG. 7 is a diagrammatic shoWing of the control of the 
operation of the launch. Much of What is shoWn in the 
schematic presentation of FIG. 7 has already been described 
and the common identifying numerals Will be used. 
Throughout the launch sequence, pressure in the catapult 
cylinder or launch tube 18 is sensed by conventional pres 
sure sensor 110 located on the launch tube as shoWn in FIG. 
2 and a signal that is sent to a conventional signal interface 
board operated by a control computer 114 all as conven 
tional. The fuel, oXidiZer and Water each has a ?oW rate 
sensor 116 and a feed pressure sensor 126 to sense the ?oW 
rate and pressure of the particular liquids into the respective 
combustors and Water manifold. The location of such sen 
sors Would be just prior to the entry into the injector 
assembly 42 for the fuel or oXidiZer together or separately 
and just prior to entry into the Water manifold 38 for the 
Water. An igniter signal 120 energiZes the igniters. The ?ame 
sensor 122 determines the presence of ?ame in the launch 
gas plenum 26. A temperature sensor 124 senses the tem 
perature in the launch gas plenum 26. Feed pressure sensor 
126 senses the pressure of the propellant or Water at the time 
of the ignition. Position sensors 128 positioned along the 
catapult cylinder or launch tube 18, only one of Which is 
shoWn in FIG. 2, determine the position of the launch piston 
16. 

With this closed-loop control system, When the catapult 
cylinder 18 pressure is in the normal operating band no 
corrective action need be taken. HoWever When the cylinder 
pressure reaches a high pressure Warning level or the posi 
tion sensor indicates the piston is ahead of its desired 
position a signal is sent through the control computer 114 to 
reduce the rate of increase of fuel/oXidiZer ?oW rate through 
the throttle valve 90 to correct the catapult cylinder 18 
pressure. Similarly, if the catapult cylinder 18 pressure is 
loW or the piston behind its desired position, the propellant 
?oW rate is increased. If the pistons 16 continue to lag 
desired position, for eXample because of engine malfunction 
in the aircraft the control computer Will increase combustor 
output bringing as required all combustors to their poten 
tially full capacity to produce greater pressure on the piston 
to assure proper launch end speed. 

I claim: 
1. An internal combustion airplane catapult launcher 

comprising: 
an elongated launch tube, 
a movable piston ?tted Within said launch tube for con 

nection to an airplane to be launched, 
a plurality of combustors in ?uid communication With the 

aft end of said launch tube and the trailing end of said 
piston, 

an injector assembly including at least one injector for 
supplying a combustible propellant to each of said 
combustors for combustion, 

said injector assembly including at least one igniter opera 
tively positioned With respect to said combustor for 
igniting said combustible propellant, 

Whereby upon said propellant being fed into said com 
bustors and ignited by said igniters, the piston is 
projected doWn the launch tube to launch the aircraft. 
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2. The launcher of claim 1 including, said combustible 

propellant including an oXidiZer and a fuel. 
3. The launcher of claim 2 including, said propellant 

including hydroXylammonium nitrate and a hydrocarbon 
fuel. 

4. The launcher of claim 3 including, said bipropellant 
being 97—75% by Weight oXidiZer and 3—25% by Weight 
hydrocarbon fuel. 

5. The launcher of claim 4 including, said bipropellant 
being 91—93% by Weight oXidiZer and 7—9% by Weight 
hydrocarbon fuel. 

6. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion. 

7. The launcher of claim 6 including, 
said Water injection means including a manifold around 

said launch tube having a plurality of Water spray 
noZZles directed toWard the interior of said combustor 
and into contact With said combustion products. 

8. The launcher of claim 1 including, 
means to detect changes in pressure in said launch tube for 

metering the propellant fed to the combustors. 
9. The launcher of claim 1 including, 
said combustible propellant being a bipropellant, 
said bipropellant including hydroXylammonium nitrate 

and a hydrocarbon fuel, and 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion. 

10. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, and 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors. 

11. The launcher of claim 1 including, 
means to detect the position of said piston in said launch 

tube for metering the propellant fed to the combustors. 
12. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors, and 

means to detect the position of said piston in said launch 
tube for metering the propellant fed to the combustors. 

13. The launcher of claim 1 including, 
means to detect the presence of a ?ame in each said 

combustor. 
14. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors, 

means to detect the position of said piston in said launch 
tube for metering the propellant fed to the combustors, 
and 

means to detect the presence of a ?ame in each said 
combustor. 

15. The launcher of claim 1 including, 
each said combustor having at least one injector assembly 

positioned on said combustor for injecting said com 
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bustible propellant into said combustor and igniting 
said fuel With said igniter. 

16. The launcher of claim 1 including, 
each said combustor having at least one injector assembly 

positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said fuel With said igniter, and 

Water injection means forWard of said combustor to form 
steam upon contact With combustion products from 
said combustion. 

17. The launcher of claim 1 including, 
said injector assembly each being provided With a plu 

rality of injectors of said propellant and positioned to 
direct said propellant into the interior of said combustor 
for combustion by said igniter. 

18. The launcher of claim 1 including, 
each said combustor having at least one injector assembly 

positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said propallant With said igniter, 

said injector assembly each being provided With a plu 
rality of injectors of said propellant and positioned to 
direct said propellant into the interior of said ignition 
for combustion by said igniter, 

Water injection means forWard of said combustor to form 
steam upon contact With combustion products from 
said combustion, and 

said Water injection means including a manifold around 
said launch tube having a plurality of Water spray 
noZZles directed toWard the interior of said combustor 
and into contact With said combustion products. 

19. The launcher of claim 1 including, 
said combustible propellant being a bipropellant, 
said bipropellant including hydroXylammonium nitrate 

and a hydrocarbon fuel, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

said Water injection means including a manifold around 
said launch tube having a plurality of Water spray 
noZZles directed toWard the interior of said combustor 
and into contact With said combustion products, 

each said combustor having at least one injector assembly 
positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said fuel With said igniter, and 

said injector assembly each being provided With a plu 
rality of injectors of said propellant and positioned to 
direct said propellant into the interior of said combustor 
for combustion by said igniter. 

20. The launcher of claim 1 including, 
a feed system to supply said combustible propellant to 

said injector assembly, 
said feed system comprising: 

an accumulator for receiving and discharging said 
propellant and having a piston operable therein, 

a source of high pressure ?uid in communication With 
one side of said piston to drive said piston, 

a propellant source in communication With said accu 
mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustor, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 
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21. The launcher of claim 1 including, 
said combustible propellant being a bipropellant, 
said bipropellant including hydroXylammonium nitrate 

and a hydrocarbon fuel, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

a feed system to supply said combustible propellant to 
said injector assembly, 

said feed system comprising: 
an accumulator for receiving and discharging said fuel 

and having a piston operable therein, 
a source of high pressure ?uid in communication With 

one side of said piston to drive said piston, 
a propellant source in communication With said accu 

mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 

22. The launcher of claim 1 including, 
said combustible propellant being a bipropellant, 
said bipropellant including hydroXylammonium nitrate 

and a hydrocarbon fuel, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

a feed system to supply said combustible propellant to 
said injector assembly, 

said feed system comprising: 
an accumulator for receiving and discharging said 

propellant and having a piston operable therein, 
a source of high pressure ?uid in communication With 

one side of said piston to drive said piston, 
a propellant source in communication With said accu 

mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 

23. The launcher of claim 1 including, 
said combustible propellant being a bipropellant, 
said bipropellant including hydroXylammonium nitrate 

and a hydrocarbon fuel, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors, 

a feed system to supply said combustible propellant to 
said injector assembly, 

said feed system comprising: 
an accumulator for receiving and discharging said 

propellant and having a piston operable therein, 
a source of high pressure ?uid in communication With 

one side of said piston to drive said piston, 
a propellant source in communication With said accu 

mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 
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24. The launcher of claim 1 including, 
said combustible propellant being a bipropellant, 
said bipropellant including hydroXylammonium nitrate 

and a hydrocarbon fuel, 
said bipropellant being 91—93% by Weight oXidiZer and 

the combustible fuel being 5—8% by Weight hydrocar 
bon fuel, 

Water injection means forWard of said combustor to form 
steam upon contact With combustion products from 
said combustion, 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors, 

means to detect the position of said piston in said launch 
tube for metering the propellant fed to the combustors, 

means to detect the presence of a ?ame in each said 

combustor, 
a feed system to supply said combustible propellant to 

said injector assembly, 
said feed system comprising: 

an accumulator for receiving and discharging said 
propellant and having a piston operable therein, 

a source of high pressure ?uid in communication With 
one side of said piston to drive said piston, 

a propellant source in communication With said accu 
mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 

25. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

each said combustor having at least one injector assembly 
positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said fuel With said igniter, 

a feed system to supply said combustible propellant to 
said injector assembly, 

said feed system comprising: 
an accumulator for receiving and discharging said 

propellant and having a piston operable therein, 
a source of high pressure ?uid in communication With 

one side of said piston to drive said piston, 
a propellant source in communication With said accu 

mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 

26. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors, 

each said combustor having at least one injector assembly 
positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said fuel With said igniter, 

a feed system to supply said combustible propellant to 
said injector assembly, 
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said feed system comprising: 

an accumulator for receiving and discharging said 
propellant and having a piston operable therein, 

a source of high pressure ?uid in communication With 
one side of said piston to drive said piston, 

a propellant source in communication With said accu 
mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 

27. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

said Water injection means including a manifold around 
said launch tube having a plurality of Water spray 
noZZles directed toWard the interior of said combustor 
and into contact With said combustion products, 

each said combustor having at least one injector assembly 
positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said fuel With said igniter, 

said injector assembly each being provided With a plu 
rality of injectors of said propellant and positioned to 
direct said propellant into the interior of said combustor 
for combustion by said igniter, and 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors. 

28. The launcher of claim 1 including, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

said Water injection means including a manifold around 
said launch tube having a plurality of Water spray 
noZZles directed toWard the interior of said combustor 
and into contact With said combustion products, 

each said combustor having at least one injector assembly 
positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said fuel With said igniter, 

said injector assembly each being provided With a plu 
rality of injectors of said propellant and positioned to 
direct said propellant into the interior of said combustor 
for combustion by said igniter, 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors, 

a feed system to supply said combustible propellant to 
said injector assembly, 

said feed system comprising: 
an accumulator for receiving and discharging said fuel 

and having a piston operable therein, 
a source of high pressure ?uid in communication With 

one side of said piston to drive said piston, 
a propellant source in communication With said accu 

mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

?oW control means for controlling the ?oW of propel 
lant from said accumulator to said injector assembly. 

29. The launcher of claim 1 including, 
said combustible propellant being a bipropellant, 
said bipropellant including hydroXylammonium nitrate 

and a hydrocarbon fuel, 
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means to detect the position of said piston in said launch 
tube for metering the propellant fed to the combustors, 

means to detect the presence of a ?ame in each said 

combustor, 
Water injection means forWard of said combustor to form 

steam upon contact With combustion products from 
said combustion, 

said Water injection means including a manifold around 
said launch tube having a plurality of Water spray 
noZZles directed toWard the interior of said combustor 
and into said combustion products, 

each said combustor having at least one injector assembly 
positioned on said combustor for injecting said com 
bustible propellant into said combustor and igniting 
said fuel With said igniter, 

said injector assembly each being provided With a plu 
rality of injectors of said propellant and positioned to 
direct said propellant into the interior of said combustor 
for combustion by said igniter, 

means to detect changes in pressure in said launch tube for 
metering the propellant fed to the combustors, 

a feed system to supply said combustible propellant to 
said injector assembly, 

said feed system comprising: 
an accumulator for receiving and discharging said 

propellant and having a piston operable therein, 
a source of high pressure ?uid in communication With 

one side of said piston to drive said piston, 
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a propellant source in communication With said accu 

mulator on the opposite side of said piston to supply 
propellant to said accumulator, 

conduit means for permitting ?oW of propellant 
betWeen said accumulator and said combustors, and 

flow control means for controlling the How of propel 
lant from said accumulator to said injector assembly. 

30. A method of converting an eXisting steam aircraft 
catapult having a steam system, a thrust-exhaust manifold, a 
piston for connection to an aircraft and a launch tube, into 
an internal combustion catapult comprising: 

removing the eXisting steam system aft of the thrust 
eXhaust manifold, 

attaching a launch gas plenum including a Water injection 
manifold to the eXisting thrust exhaust manifold, 

attaching a combustor manifold to said launch gas 
plenum, 

attaching one or more combustors to the combustor 

manifold, 
installing propellant and Water feed systems, 
attaching the propellant feed system to the combustors, 
attaching the Water feed system to the Water injection 

manifold, 
securing a plurality of igniters to the combustors, Whereby 

upon said propellant being fed into said combustors and 
ignited by said igniters, the piston is projected doWn the 
launch tube to launch the aircraft. 
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